INTRODUCTION
A.LTHOUGH THE polyhedral virus diseases of insects have been known and studied for many years, present knowledge of the morphology and development of the virus may be dated from the demonstration of the particles by Bergold in 1947 . He showed that the microscopically visible polyhedral bodies are composed principally of noninfectious protein material within which infectious rod-shaped particles are embedded.
Since that time, numerous studies by different scientists have contributed to knowledge of the nature of these virus particles. Most of the recent observations have been based on material which could be considered the endproduct of the infectious proeess-virus particles liberated by the dissolution of polyhedral bodies which have been extracted from dead or dying insects.
Using material derived in this way, Bergold (1950) demonstrated evidence of a developmental cycle of the virus particles. Though his observations were made on particles taken from insects in an advanced stage of disease, his belief that he could show stages in the development of the virus particles was based on the reasoning that virus particles at different stages of development would be present in anyone infected cell; that polyhedral bodies form rapidly, occluding particles in various stages of development; and that the fully formed polyhedron would thus contain virus particles caught and held at various stages of development. Bird (1952) used a different approach to the problem of virus development. He made thin sections of diseased tissue at a rather early stage of infection in an attempt to show stages of virus development and succeeded in demonstrating only a few virus particles within the host cells.
The present paper reports the results of a similar itudy based on the electron microscope examination of thin sections of virus-diseased tissue.
MATERIALS AND METHODS
The virus used for this study was Borretimacampeoles Steinhaus, a polyhedrosis virus affecting the alfalfa caterpillar, Colias philodice eurytheme Bdvl. The disease and its causative virus have been described by Steinhaus (1948; 1949~, b) . The insects were infected by feeding them alfalfa dipped in a suspension of polyhedra. At various intervals after infection, specimens were dissected and bits of fat tissue were removed and fixed in one per cent osmium tetroxide buffered at pH 7.0. The fixed tissue was dehydrated and embedded in butyl methacrylate by the method of Newman, Borysko, and Swerdlow (1949) . Sectioning was done on a Spencer microtome modified in the manner de-.seribed by Pease and Baker (1948) . Sections were cut at a setting of O-.-m icron. The 'methacrylate matrix was removed from the sections in amyl acetate; the sections were then embedded in a film of collodion for examination. No metallic shadowing was used.
The microscope used was an RCA EMU-2. The recently developed wide field pole piece was not available to the author at the time these observations were being made. Consequently, all of the illustrations presented here were made with the normal objective pole piece.
RESULTS
Preliminary Observations. Virus-diseased alfalfa caterpillars usually die within five to ten days after infection. Although sections were made at various intervals after infection, the most information was obtained from tissue taken during a rather narrow interval of time approximately midway between infection and mortality. A common observation with the light microscope is that infection does not progress simultaneously in all cells of a tissue. Thus, at a midpoint in the course of infection, only a few cells scattered throughout a piece of tissue may be seen to have small polyhedra in the nuclei, whereas somewhat later nearly every cell will be seen to contain polyhedra. Similarly, it was found in the present study that fat tissue fixed at three and a half days after infection produced sections in which cells in various stages of infection could be seen.
In this one group of sections it was possible to see nuclei in which no virus was visible, ones that were filled with virus particles, and others that contained fairly well-developed polyhedra. Sections made only slightly earlier in the course of infection revealed many nuclei that were obviously abnormal but very few that contained recognizable virus particles. Tissue fixed one day later than the optimum time contained cells nearly all of which had readily recognizable polyhedra in the nuclei. The time intervals stated here would undoubtedly vary with the conditions under which the infected insects were maintained. Earlier Stages of Infection. The earliest recognized pathology was represented by nuclei that were enlarged and in which the chromatin had coagulated in several irregular dense bodies ( fig.-l) . Outside these dense areas the nuclear material appeared as a homogeneous, finely granular matrix. No recognizable virus particles could be distinguished at this stage. December, 1953] 
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At a slightly later stage, the chromatin becomes arranged in a eentralposition with a clearer peripheral area surrounding it ( fig. 2 ). The chromatin usually appears as a loose network. In occasional cells the chromatin mass may be seen occupying a position at one side of the nucleus rather than being centrally located. The appearance of this chromatin mass is well known to those who have observed polyhedrosis-diseased tissue with a light microscope. Many descriptions of it have been published since it was first noted by Breindl and Komarek (1923) . A few rod-shaped virus particles may be seen in the nucleus at this stage (figures 3 and 4). There is some evidence that the virusparticles occur primarily in the central portion of the nucleus at this early stage in their formation, possibly indicating that their formation may be related in some way to the chromatin remains.
More Advanced Stage. Figure 5 shows a nucleus in a more advanced stage of infection. The central chromatin mass occupies a smaller portion of the nucleus while the peripheral region is crowded with a multitude of virus particles. Many of the latter can be seen in bundles of two or more elements ( fig. 6 ). Polyhedra are not yet visible at this stage. Although the virus particles are more readily detected in the peripheral region of the nucleus, they may also be seen in the central chromatin mass. Here, however, they appear to occur only as single rods. Some of the bundles in the peripheral area are surrounded by what looks like a membrane ( fig. 7) .
What may be the mechanism of bundle formation is not clarified by the present study. There is some evidence that individual virus rods may aggregate in a side-by-side fashion. This, however, could easily be a phenomenon entirely distinct from that of bundle formation. If one accounted for bundle formation on this basis alone one would also have to account for the formation of a membrane around the entire group of rods. These units-bundles of virus rods with membranes, if such they are-increase in apparent density as the infection. progresses. Figure 8 shows some of these structures appearing as completely opaque ovoid bodies while in others a small amount of internal detail can still be distinguished; still others resemble those in figure 7 . -Formation of the Polyhedra. As the infective process continues, readily visible opaque structures may be seen in the peripheral zone of the nucleus (figures 9 and 11). Since one can distinguish all gradations from the small opaque bodies of figure 9 to the unquestionable polyhedra of figure 16 , one cannot escape the conclusion that the small opaque structures are early polyhedra. When these are examined at higher magnification ( fig. 10 ), they are found to be the same ovoid bodies noted in the preceding paragraph, or, more often, several such bodies in close association. As the developing polyhedra become larger they appear to be composed of a larger number of ovoid units which are becoming fused in a single opaque mass ( fig. 12 ). Thus it appears to the writer that polyhedral bodies start as bundles of virus particles enclosed in globular membranes. An elaboration or deposition of some dense material within these :membranes results in the whole structure becoming opaque to the electron beam. Then, as several of these units occur in close proximity, a further deposition of dense material around and between them embeds a number of them in one mass. Successive layers of the LVol. 22, No. 12 polyhedral protein incorporate into the same mass more of the bundles lying at the periphery of the "growing" polyhedron. Small polyhedra have an irregular, "knobby" appearance expected of a structure made up of several ovoid bodies (figures 12, 13, and 14) .
'I'his concept of the manner in which polyhedra develop might seem to be complicated by the fact that polyhedra have been observed to have a limiting membrane. There appears to be no reason to believe, however, that this membrane is anything more than the surface portion of polyhedral protein which has become somewhat less soluble in alkaline solutions. Figures 15 and 16 represent nuclei in an advanced stage of infection. The polyhedra are well developed and can readily be identified with those seen in sections with a light microscope. For comparable light micrographs of sections of infected cells of the same host, the reader is referred to those 'presented by Steinhaus (1949b ; see figure 153 ).
Although they may not be distinguishable in the reproduction presented' here, the original print used for figure 15 showed numerous virus particles in the central mass. For the most part these appeared to be individual rods. What the eventual fate of these particles might be is not clear. It is quite possible that they become incorporated into polyhedra as the latter fill the center of the nucleus. Although this seems to take place frequently, it is not unusual to find, in the tissues of an insect that has died of the disease, cells with polyhedra occupying the peripheral portions of the nucleus and surrounding a polyhedra-free central portion.
DISCUSSION
Early Work of Paillot. An adequate treatment of the subject presented here necessitates consideration of some of the findings of previous investigators in light of the results of the present work. In 1924 Paillot, using a darkfield microscope, studied the blood cells of the silkworm during the intermediate stages of infection by a polyhedrosis virus. He described a peripheral zone of the infected nucleus in which he could see small bright particles. Reference to figure 5 will make it fairly evident what Paillot was describing.
Whether individual virus particles could have been detected by Paillot with his dark-field microscope seems questionable. However, the bundles appearing in the peripheral zone are rather prominent structures which could have been demonstrated readily with Paillot's equipment. By studying similar virus material with both dark-field microscope and electron microscope, Hughes (1950) previously demonstrated the identity of certain bright particles visible in the field of the former instrument with virus bundles as demonstrated with the latter one.
Relationship to Bird's Work. The work of Bird (1952) is a little difficult to correlate with the present study. He used methods similar, in part, to those described here but reached somewhat different "conclusions. The fact that he was unable to demonstrate virus particles in any considerable number in the nuclei of cells apparently can be attributed to concentration of his attention on a stage of infection not quite. advanced enough for the observance of this phenomenon. This is indicated in statements in his paper and was later confirmed in conversations with the writer. On the occasion of these con- Bird's conclusions relative to the development of the polyhedra do not appear to be supported by the present work. lIe extracted the contents of nuclei and found what he believed to be young polyhedra containing small spherical particles. The minute spheres, measuring about 20 millimicrons in diameter, "increase in size and number as the polyhedra increase in size." Bird suggests that these spheres may be elementary particles of the virus and implies that they develop into rods within the growing polyhedron.
In some respects the "immature polyhedra" described by Bird appear to be similar to the ovoid bodies shown in figure 8 . IIowever, the latter seem to arise as bundles of rods surrounded by a membrane whereas in the former no rod-shaped particles could be seen. Fur-thermore, the diameter of the smaller "polyhedra" described by Bird is given as about 160 millimicrons while the length of the virus rods is 250 mill imicrous. 'rhus it would be impossible for some of the small "polyhedra" to contain rods in the same manner as do the bodies in fignres 7 and 8. Somewhat smaller opaque bodies were sometimes seen in these sections. While they could be similar to the bodies described by Bird, it is just as reasonable that they represent crosssections of the ovoid structures already described.
There is, of course, the possibility that both rods and spheres occur in the nucleus at the t.ime of polyhedral body formation, that polyhedra mav develop around either form of the virus, and that small polyhedra containing spherical forms of the virus escaped detection in the present work. That spherical forms of those insect viruses which usn ally are seen as rods do exist at some time in the development of the virus seems to be well established. Bergold (1950) found evidence for the existence of a developmental cycle which included spherical stages. Wyckoff (1950, 1951) and Bergold (1953) have demonstrated polyhedra-like structures con taiuing spherical particles although it is not entirely clear whether these are viral in nature.
The present work throws very little light on the nature of spherical forms and, in fact, presents little evidence of their existence. F'igure :1 shows SOUle round dots which could be assumed to be early stages of the virus. One must keep in mind, however, the fact that the pictures presented here were made from sections and, hence, that cross-sections of rods will have a similar appearance. A little evidence to support the view that these round bodies may be an early stage of the virus might be derived from their appearance in greater number in earlier stages of infection than in later stag-es. It is not unlikely that the poor resolution obtainable in the electron microscopy of sections will not permit adequate determination of the identity of the apparent round particles seen here.
In attempting to relate Bird's conception of the origin of polyhedra with that presented above, it should be considered that there may be good reason for the existence of certain discrepancies. The virus studied by Bird affects a sawfly, Gil.pinia hercyniae (Htg.) while the present work was based on a virus affecting one of the Lepidoptera. The fact that hosts in two different orders of insects are involved may be significant. Furthermore, the several sawfly viruses multiply in the nuclei of the midgut epithelium only, whereas, in the Lepidoptera, the gut epithelium seems to be singularly free of direct infection, the nuclear viruses multiplying ill such tissues as fat, hypodermis, and blood cells. Since there are such significant differences between these two groups of viruses it might be quite erroneous to assume that the two are similar in all other respects.
Similarity to Some of Bergold's Results. What appear to be membranes surrounding virus particles in figure 7 are probably the same as structures deseribed by Bergold (1950 Bergold ( , 1953 . Some of his figures (Bergold, 1950 ; see figures 88 and 44) bear a very strong resemblance to those presented here. He apparently considers these structures to represent an intermediate stage in the development of the virus particles, while in the present study they appeal' to be the final stage in such a process.
Tokuyasu's Findings. A recent paper by Tokuyasu (1953) presents some informatiou that has a bearing on this discussion. After dissolving silkworm polyhedra, T'okuyasu found the virus particles to be encased in. thick-walled envelopes. 'I'hese structures could be identical with those shown in figure 8. 'I'okuvasu noted the superficial similaritv to the inclusion bodies of the g'l'anulosis viruses~a similarity strengthened in the instance he described by' the fact that single rods seem to occur more frequently in silkworm polyhedra than do bundles.
Tokuyasu's theory that virus particles occur predominantly in the outer layers of polyhedra seems to gain little support from the present work. His point of vie,," is based on the assumptions that (1) the polyhedral protein is a product of the "metabolism" of virus multiplication and that (2) viral development progresses at a uniform rate and ceases at about the same time for all particles within an infected nucleus. Thus he feels that most of the polyhedral protein would already have been formed by the time the virus particles were at a stage at which they would be incorporated into the polyhedron. His conclusion is, then, that most of the particles must be near the surface of the polyhedron. There seems to be no evidence in the present work to support this viewpoint.
